The present work aims to study the drought stress effects on polyamine content and its relationship with growth and development in seeds, during cell division (from the beginning and until 17 days after pollination) and grain filling (until reaching the physiological maturity) stages. Factorial experiment based on Randomized Complete Block (RCB) design was carried out with three replications. Two factors of the experiment were considered: the level of irrigation (irrigation without and with drought stress during cell division stage and with drought stress during grain filling stage) and the level of wheat genotype (drought-resistant, semi-resistant and sensitive genotypes). As control treatment, soil moisture content of the field was considered. For droughtstress treatment, the 50% of the soil moisture content in control treatment was established. According to the experimental results, Putrescine content value is higher in control treatment which develops seeds of drought-resistant genotypes than that are registered for semi-resistant and sensitive genotypes. Both drought stress treatments induced significant rises in putrescine amount in the different genotypes of the study. The rises of putrescine content in sensitive and semi-resistant genotypes, however, were higher than in resistant ones, and the highest rise in putrescine content appeared in manning semi-resistant genotype during the stage of grain filling (27 days after pollination). Exerting
Introduction
Drought, every year, jeopardizes the potential successful outcome of agricultural crops in Iran and many other countries around the world with varying degrees severity. Iran is located on the desert belt of the earth, and with the exception of some small regions in the vicinity of Caspian Sea coasts, Elburz and Zagros Mountains, the whole country has arid or semi-arid climate. Hence, drought stress is considered as one of the major threats of wheat production of the country, and owing to the recent lasting droughts, it has attracted much more attention.
According to Lie et al. [1] , water deficiency affects plant-water relation in molecules, cells and subcellular compartments of plants. Dryness closes the pores of the plant and, as a result, reduces its photosynthesis which results in reduction in growth and development of the plant [2] . It is worth mentioning that the stomatal conductance is regulated by soil moisture content. A combination of endogenous and exogenous factors also influences on the stomatal conductance as well [3] . The activity of the assimilation carbon enzyme and the enzymes affecting adenosine triphosphate synthesis coordinates with the moisture content of the soil [2] .
One of the key elements which disrupts the growth and development of the plant under drought stress condition is producing reactive oxygen species in organelles such as mitochondrion, chloroplast and peroxisome [2] [4] . Excessive production of reactive oxygen species results in membrane lipid peroxidation and protein degradation of enzymes and nucleic acids [5] .
In plants a great number of bio-chemical and physiological processes of mo-
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lecules, tissues and organs, and eventually, the plant itself, play roles in the tolerance of drought stress condition. When a plant loses water under drought stress, for instance, its resistance is against that is shown by shutting the pores of the plant. In this situation, also the root system tries to absorb more water by taproots and fibrous roots [3] . In this regard, substances such as salicylic acid, melatonin and abscisic acid have a principal role in the tolerance of the plant to drought. Controlling reactive oxygen species via enzymatic and non-enzymatic antioxidant systems, cell membrane stability and modification of the stress proteins are in the group of mechanisms which play vital role in drought stress tolerance [6] .
Polyamines are hormone-like compounds whose concentration in plant cells is higher than the concentration of plant growth regulators such as abscisic acid (ABA), cytokinins (CK), auxins (IAA) and gibberellins (GA). Millimolar concentrations of polyamines are essential for producing biological response, and they are valuable polycations which take roles in different stages of plant growth and development. In fact, spermidine (Tri-amine), spermine (Tetra-amine) and their precursor, putrescine (Di-amine), are considered as the foremost polyamines. On the other hand, polyamines acts as growth regulators, are capable of intervening in numerous domain of growth and development processes such as cell division fertilization, embryogenesis, morphogenesis, root development, flowering process, fruit maturity, senescence delaying, membrane stability, stress tolerance and free radicals scavenging activity [7] [8] .
Plants resistance against non-biological stresses such as drought and salinity could be improved by using polyamines. This became a noteworthy topic in the past few years, and it has reported their function as oxygen free-radicals deactivators [9] [10]. The anti-oxidant feature of polyamines, in effect, might be associated with controlling the NADPH Oxidase Enzyme and inhibiting the accumulation of superoxide radicals [11] . Different actions have polyamines in terms of relieving stress. During emergence of drought stress condition, particularly spermidine is accumulated in wheat seedlings two or three times more than that at normal condition. The amount of polyamines drops after afresh and regular irrigation, and reaches the approximate amount that existed prior to stress exertion [12] . In addition, polyamines play a substantial role in preserving the integrity and stability of cytoplasmic membrane, nucleic acids and cellular organelles during drought stress condition [13] . There has found a positive correlation in rice between polyamines accumulation and growth of the plant during the presence of drought stress [14] . Also, it has been expressed in various researches that polyamines play a key role in regulating defense responses of plants to different environmental stresses including stresses stem from presence of heavy metals [15] [16] oxidative stress agents [17] , drought condition [18] , salinity stress [19] and freezing stress [20] . It has been reported that treatments of polyethylene glycol 6000 bring about a significant rise in the spermidine and spermine contents in tolerant wheat variations, whereas in the sensitive variations the Putrescine content increases significantly [21] . Open Journal of Geology
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Material and Methods

Methodology
This work was carried out in Agriculture Department of Higher Education Center of Shahid Bakeri, Urmia University, Urmia, Iran.
A factorial experiment in Randomized Complete Block (RBC) design was carried out using 3 replications. Two factors were studied, the level of irrigation (irrigation without drought stress, with drought stress from the beginning of pollination until 17 days after, with drought stress from the day 17 after pollination until the physiological maturity) and the different genotypes According to Ehdaie [22] , fulfilling 50 percent of pollination process in spikes of every single genotype was considered as the pollination time. Genotypes planting was based on 1000 kernel weight, seed vigor and sowing density of 400 seeds per square meter, and carried out in early November, after the tillage and cultivation in late September, 2014.
Soil analysis revealed that there was no need for phosphorus or potassium fertilizers. Only, nitrogen fertilizer required. Thus, 260 kg of urea was applied per hectare in three stages, planting, tillering and before flowering.
After the experiment (standard and stresses applied) spikes were randomly harvested and wheat grains were taken out using a forceps, wrapped in aluminum foil and placed in liquid nitrogen. Thereafter, samples were taken out from liquid nitrogen and kept at −70˚C.
Determination of Polyamine Contents (Putrescine, Spermine and Spermidine)
The method employed by Ma [23] was adopted for polyamines measuring. Thus, Subsequent, spermidine, spermine and putrescine were injected and area under every polyamine curve was calculated. Then, standard curve and the relationships between concentration and area under the curve were established.
Finally, for yield determination, 1 square meter was harvested from every plot after removing the margins in maturity stage of the crops. For component yields calculation including kernel per spike and 1000 kernels weight, randomly 10
bushes were selected as sample and the calculation done.
Calculation Methods
Statistical calculations were made using SPSS software (version 19), and mean comparisons were carried out using Duncan Method for a significance level of 0.05.
Result and Discussion
Variation in Yield and Yield Components
Variance analysis revealed that kernel per spike variance, 1000 kernels weight and grain yield characteristics of genotypes of the study have statistically significant differences at the 0.05 level. Drought stress treatment, in addition, had a significant effect on the kernel per spike, 1000 kernels weight and the grain yield characteristics at 0.05 level of significance ( Table 1) .
The significant interaction effect between drought stress treatment and genotype on the grain yield ascertained that exerting experimental drought stress brings about a decrease in the grain yield of genotypes of the study. Comparing ) and Manning/Sdv1/Dogu88 (221 g·m Emergence of drought stress after pollination induces drop in grain yield, which probably happens due to the drop in nutrient storage and the storage capacity of grains [24] . The drop in 1000 kernel weight under the drought stress condition after pollination happened more severely in comparison with other 
Variation in Polyamines Contents
Results from analysis of variance for spermidine characteristic revealed that there is significant difference at 0.05 level among genotype and drought stress treatments and their interaction ( Table 2) . Contrasting the means of interaction between drought stress treatments and genotypes of the study led to believe that exerting drought stress and adding to its intensity in every phase of wheat plant development lead to continuous rise in spermidine content in various genotypes of the study (Figure 4 ). mine. Spermidine has a role in cell division of developing seeds as well. Moreover, the increase in the concentration of this polyamine under drought stress condition showed that spermidine might have influence on preserving the integrity and subcellular compartments as well as stabilizing the cell division process under drought stress, resembling the spermine. Open Journal of Geology Variance analysis of spermine characteristic led to believe that there is a significant difference at 0.05 level among main effects of drought stress, genotype and their interaction ( Table 2) . Contrasting the means of interaction between drought stress treatments and genotypes revealed that exerting drought stress and giving a rise to its intensity during different phases of wheat plant development induced a continuous rise in spermine content in the genotypes of the study during the first and second phases of sampling (17 and 27 days after pollination), Figure 5 .
The results, furthermore, showed that the variability of spermine contents differed among the whole genotypes of the study. The highest amounts of spermine concentration in the whole genotypes of the study occurred in the cell division phase of the seeds (17 days after pollination), nevertheless, the amount of spermine concentration in manning semi-resistant genotype and resistant genotypes were significantly higher than in other genotypes. In summary, the highest spermine content which happened in 17 days after pollination belonged to manning semi-resistant genotype, Figure 5 .
Ma [23] studied the variability trend of spermine content in various wheat cultivars and noticed that the highest concentration of spermine happens in the initial phases of grain development, thereafter, the concentration drops [26] . Additionally, considering the rise in the spermine concentration in initial phase of grain development under drought condition, spermine might have a role in reserving the stability of cell division process in developing seeds.
The increase in spermine content of developing manning semi-resistant genotypes inhibited the decrease in grain yield by inhibiting the decrease in cell division and, subsequently, grain sink size. The increase in the spermine in cell division process of drought-resistant genotypes, however, was not sufficient to inhibit the decrease in grain sink size. Taking into consideration the role of polyamines in preserving the viability and integrity of the membrane and subcellular compartments [27] , and, probably, enzyme activities, there might be a correlation between the rise in the grain yield of manning semi-resistant genotype and the rise in the spermine concentration. Variance analysis results for putrescine characteristic indicated that there is significant difference at 0.05 level among genotype and drought stress treatments and their interaction (Table 2 ). Comparing the mean of drought stress and genotype showed that exerting drought stress and giving a rise to its intensity in the last stages of wheat plant development brought about a continuous rise in putrescine content of genotypes studied ( Figure 6 ). Additionally, results revealed that the trend of variability of putrescine in the resistant genotypes of the study, i.e. TRK, PTZ, Sardari, D/GH, Daric and Zhong, had a gradual increase with the increase in drought stress. However, in the other genotypes of the study a sharp increase in putrescine content with a quite higher putrescine content were registered ( Figure 6 ).
Contrasting the means gave the idea that putrescine content is dependent upon the intensity of stress and the genotype itself. There were found a significant difference among the genotypes under typical irrigation, and all the resistant genotypes, except Zhong genotypes, had the most putrescine contents. In the second phase of sampling (17 days after pollination), resistant genotypes of TRK, Sardari and Manning semi-resistant genotypes had the most putrescine content in comparison with the other genotypes. However, in the last phase of sampling (27 days after pollination) the most increase in putrescine content was observed in Manning semi-resistant genotype, and the rise in putrescine content of sensitive and semi-resistant genotypes was outstanding in comparison with resistant genotypes (Figure 6 ).
Assessing polyamine contents in resistant-genotypes which were under drought stress condition, after pollination, revealed that the stress induced continuous rise in all the polyamines (putrescine, spermidine and spermine), Table  3 . Putrescine content (putrescine > spermidine > spermine) was higher than spermine and spermidine contents for all the drought-resistant genotypes under typical irrigation condition. Under drought stress, after pollination, spermidine content had higher increase in comparison with putrescine and spermine, giving the idea that drought-resistant genotypes have tendency to accumulate much more spermidine rather than other polyamines under such stressful conditions 
pollination *Letters above the numbers indicate the significance of mean differences for a significance level of 0.01.
( Table 3 ). The reduction in the concentration of putrescine in drought-resistant genotypes under drought stress might be due to its transformation into spermine and spermidine, considering the fact that putrescine is a precursor to spermine and spermidine [25] . Furthermore, it was observed that under the typical irrigation and drought stress condition 17 and 27 days, after pollination, the spermine content of resistant genotypes was higher than spermine content of sensitive and semi-resistant genotypes of the study (see Table 2 -4).
Substantial rise in spermidine content was observed in semi-resistant genotypes in comparison with other polyamines when the severity of drought stress was increased. The putrescine was the second while the lowest amount of polyamines was observed in spermine (Table 3 ). In addition, drought-semi-resistant genotypes had higher amount of spermidine under both typical irrigation and drought stress conditions, after 17 and 27 days of pollination. Accordingly, these genotypes have the tendency to accumulate spermidine, analogous to drought-resistant genotypes.
Continuous rise in the putrescine, spermine and spermidine content was observed in the drought-sensitive genotypes. The spermidine content was higher in comparison with putrescine and spermine, under both typical irrigation and drought stress conditions. The putrescine was second to the spermidine and the lowest amount of polyamines was observed in spermine.
This finding suggests that sensitive genotypes used in the study have a tendency to accumulate much more spermidine under harsh drought stress (Table   4) . Moreover, accumulated putrescine in drought-semi-resistant and -sensitive genotypes under various level of drought stress of the study was higher when is compared with other genotypes (see Tables 2-4 The findings of the study point out that sensitive and semi-resistant genotypes have small influence on putrescine metabolism and its transformation under drought stress into spermine and spermidine; consequently, the putrescine concentration in genotypes arises. Liu et al. measured the differences among putrescine concentration in leaves of the drought-sensitive and -tolerant wheat cultivars and noticed that under the drought stress condition, the putrescine concentration in the leaves of sensitive cultivars significantly increases in comparison with tolerant cultivars [21] .
Other studies showed that variability in polyamine contents happens due to the reaction to various environmental stresses [21] [28] . Additionally, they showed that the putrescine content of genotypes increases under stress conditions. Putrescine is a precursor of gamma-Aminobutyric which acts as a signal after the onset of stress [29] . In 2004, Liu et al. noticed that using drought stress on wheat seedling causes significant change in polyamine concentration in the leaves of sensitive and tolerant genotypes. Under such circumstances, the tolerant genotypes showed higher amounts of spermine and spermidine in their leaves than putrescine, whereas putrescine content in sensitive genotypes had a considerable rise. Ma [23] pointed out that decrease in amount of putrescine and increase in spermine and spermidine contents of seedlings leaves of stress-tolerant wheat genotypes improve the viability of protoplast under unfavorable environmental condition. Silveira [30] noticed that compared to putrescine content, the amount of spermine and spermidine were increased gradually during the stage of grain development, while they were working on assessing the polyamine contents of Pinus taeda L. grain development. Their observations revealed that the amount of free polyamines in grain development stage was higher than amount of other bound polyamines, whereas in the stage of seed maturity, free spermine content was high and other types of bound polyamines were not observed. In another experiment, Ma [23] worked on the modification of polyamines with calcium ion and found that the highest amount of spermine in wheat seeds accumulates in during milk stage. Spermine accumulation under the experiment circumstances was not correlated with the relative amount of water in leaves nor the environmental changes such as rainfall, ambient temperature and sunlight, rather, the amount of spermine, under such circumstances, was Open Journal of Geology regulated by the calcium ion.
In 2007, Yang et al. studied 6 different rice cultivars with different drought tolerance in order to assess the effect of drought stress on polyamine content of the seeds [26] . The results of the study were included of the change in the biosynthetic contents and polyamine contents. Moreover, the results revealed an increase in the content of spermine and spermidine in resistant, tolerant and sensitive cultivars. The resistant cultivars have the highest amount of putrescine content, whereas the amount of putrescine content in the sensitive cultivars were lowest and the maximum variability was observed in sensitive cultivars.
The spermidine content in the resistant genotypes was increased much more than the increase in spermine and putrescine content. Researchers believe that the shortfall of putrescine content in resistant genotypes accounts for rapid transformation of the putrescine into other polyamines [31] . In effect, the higher amount of putrescine at the onset of drought stress is a requisite for rapid transformation into other polyamines. Be that as it may, high amount of putrescine is poisonous for cells [31] .
Conclusions
In this study, polyamines content of all genotypes which were studied under drought stress increased, and the highest increase in putrescine content under drought stress happened in semi-resistant genotypes. In addition, the highest increase in spermine content under the drought stress condition happened in resistant genotypes, and the highest increase in spermidine content happened in sensitive genotypes.
The increase in concentration of spermine and spermidine under the influence of drought stress condition during different grain development stages might be due to their effect on the viability of cell division and their unique role on stability of membrane, nucleic acids and other organelles.
The excess in the concentration of spermine and spermidine of manning genotype seeds under drought stress condition might inhibit the decrease in grain filling and bring about a delay in senescence of the plant via protecting cells, and subsequently, cause higher function of manning genotypes in comparison with other genotypes.
According to the study, semi-resistant genotype of manning seems to be capable of having high function under the drought stress condition by means of preserving high amounts of polyamine inside the seeds. Nevertheless, the amount of polyamines does not seem to be the sole main and determining factor of continuous function of manning in semi-resistant genotypes, and its role has to be taken under consideration with other physiological characteristics and has to be studied further and more accurately.
